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(54) Title: ASSAY DEVICES 



(57) Abstract 



Storage stability of an assay device, comprising an assay strip and sensitive reagents such as antibodies within a plastics casing, 
is maintained by moulding some or ail of the casing from desiccant-containing plastics material, especially a blend of about 60-65 % 
polystyrene and about 30 9fe silica dust. Ideally the desiccant-containing plastics material is used in the moulding of a removable cap for 
the device. The cap can be made by sandwich injection moulding, using the desiccant-containing polystyrene as a core, surrounded by 
conventional polystyrene. 
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hermetic. However, the sample receiving member 
should be sufficiently enclosed by th cover means 
to prevent gross loss of moisture by dripping or 
liquid flow into ext rnal objects such as fabrics into 
which the non-enclosed sample receiving member 
might come into contact. In addition, the likliehood 
of loss of moisture by evaporation into the sur- 
rounding atmosphere from the sample receiving 
member should be substantially reduced under 
normal conditions of temperature and humidity like- 
ly to be encountered during use. Preferably, to the 
extent that this is practicable using conventional 
materials such as plastics and conventional mould- 
ing techniques, the sealing of'the sample receiving 
member by the cover means should be essentially 
hermetic. 

At the present time, commercially available 
home-use diagnostic devices generally provide the 
assay result in qualitative or semi-quantitative 
terms only. For example, a pregnancy test only 
needs to give a "yes/no" result. However, there is 
a desire to adapt the home-use technology to more 
sophisticated uses. An example is in the monitoring 
of the human ovulation cycle to provide more ac- 
curate status information which can be used to 
assist conception, or indeed to facilitate contracep- 
tion. This can best be achieved on the basis of 
accurate numerical data. Proposals have been 
made to utilise changes in analyte levels in body 
fluids; especially hormone metabolites in fluids 
such as urine and saliva, to indicate the changing 
status of the ovulation cycle. Frequent, eg. daily, 
testing of body fluid samples is needed. Calcula- 
tion and interpretation of the individual assay re- 
sults typically require the use of an electronic de- 
vice such as a microprocessor. It is generally en- 
visaged that whereas the microprocessor or similar 
unit will be retained for a long time by the user, the 
testing of body fluid samples will be conducted 
using a plurality of disposable testing devices 
which are used only once and then thrown away. 

Hence, during the repetitious essay procedure, 
a disposable analytical device will be used to sam- 
ple the body fluid and to perform the basic assay. 
Thereafter the user will present the disposable de- 
vice to the permanent reader/microprocessor in 
order for the individual assay result to be recorded 
and interpreted. Typically this may involve engage- 
ment or insertion of a portion of the disposable 
device into a slot or other shaped orifice in the 
structure of the reader/microprocessor, to facilitate 
positive location of the disposable device in relation 
to a reading head which forms part of the read- 
er/microprocessor. Because the read- 
er/microprocessor is an item of equipment which 
the us r must retain for repeated use, it is easy to 
imagine that the user may have misgivings about 
such a proc dure. The exterior of the disposable 



analytical device may easily become contaminated 
with sample fluid. Such contaminating fluid might 
be transferred to the permanent read- 
er/microprocessor, and for reasons of hygien 

5 there may be reluctance to retain and re-use such 
a contaminated item. We believe that in order to 
promote consumer acceptance of such an analyt- 
ical system, it is necessary to minimize the likeli- 
hood of sample contamination on the portion of the 

70 disposable assay device which is to be engaged 
with the reader/microprocessor. 

Moreover, if body fluid is transferred therefrom 
into the reader/microprocessor, it may interfere with 
the accurate performance of the read- 

75 er/microprocessor, especially if it accumulates 
therein or dries thereon to leave a deposit that is 
difficult to remove. 

If an analytical device of the invention is to be 
used in conjunction with a separate reading device, 

20 such as an electronic reader than can interpret the 
result of an assay performed within the analytical 
device, it is convenient if said window means is 
located in a portion of said casing which is coop- 
eratively engageable with means for reading the 

25 result of the analysis, said cooperatively engagea- 
ble portion becoming exposed when said cover 
means is released to expose said window means. 

The invention also provides advantageous 
ways of obtaining and assaying sample liquids, 

30 such as body fluids, using an analytical device 
according to the invention as described above, 
wherein during sample collection involving intro- 
duction of said bibulous sample receiving member 
into a source of sample liquid said device is hand- 

35 held by means of said cover means enclosing said 
window means, and thereafter said cover means is 
released to expose said window means. Preferably, 
after release of said cover means to expose said 
window means, the same cover means is used to 

40 enclose said bibulous sample receiving member. 
Preferably, following sample collection and enclo- 
sure of said bibulous sample receiving member, 
said device is hand-held by means of said cover 
means enclosing said bibulous sample receiving 

45 member, for example to facilitate presentation of 
said window means to means for reading the result 
of said analysis. 

By way of example only, a preferred embodi- 
ment of the invention is now described with refer- 
so ence to the accompanying drawings, which show: 

Figure 1: A general view of an analytical device 
in accordance with the invention together with 
an associated cap. 

Figure 2: A view of the device of Figure 1 seen 
55 from above with the cap placed over the window 
means. 

Figure 3: A vi w of the device of Figure 1 , again 
seen from above, but with the cap removed and 
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CLAIMS: 

1. A method of monitoring the status of a current 
5 ovulation cycle of an individual mammalian female subject, 

involving repeated testing of the body fluid concentration 
of at least one analyte of significance in relation to the 
status of the ovulation cycle during at least the pre- 
ovulation phase of the current ovulation cycle of the 

10 individual subject, wherein testing for said analyte 

concentration during the current ovulation cycle is 
commenced. a plurality of days following the onset of menses 
but at least 2 numerical days in advance of the earliest 
numerical day on which actual ovulation has occurred in one 

15 or more previous ovulation cycles in the same individual 

subject. 

2. A method according to claim 1, wherein testing is 
commenced at least 3 numerical days in advance of the 

20 earliest numerical day on which actual ovulation has 

occurred in one or more previous ovulation cycles in the 
same individual subject. 

3. A method according to claim 1, wherein testing is 
25 commenced at least A numerical days in advance of the 

earliest numerical day on which actual ovulation has 
occurred in one or more previous ovulation cycles in the 
same individual subject. 

30 4. A method according to any one of the preceding 

claims, wherein testing is commenced at least 5 numerical 
days following the onset of menses. 

5. A method according to claim 1, wherein the 
3 5 testing is commenced on a numerical day in advance of the 

earliest numerical day on which actual ovulation has 
occurred in one or more previous ovulation cycles " in the 
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same individual subject., said testing commencement day 
being calculated according to the following relationship: 



5 



Earliest previous 
ovulation day 


Testing commencement 
day 


8-10 


-4 


11-14 


-5 


15 - 18 


-6 


19 - 23 


-7 


24 - 28 


-8 


29 + 


-9 



6. A method according to any one of the preceding 
15 claims, wherein the body fluid is urine. 

7. A method according to any one of the preceding 
claims, wherein the analyte is estradiol or a metabolite 
thereof, such as E3G. 

20 

8. A method according to any one of the preceding 
claims, wherein 2 or more analytes are tested to provide 
comparative data, such as the concentration ratio of two 
analytes tested simultaneously. 

25 

9. A method according to any one of the preceding: 
claims, wherein the earliest actual ovulation day is 
derived from data collected during at least 3 consecutive 
previous cycles. 

30 

10. A method according to any one of the preceding 
claims, wherein the earliest actual ovulation day is 
derived from data collected during at least 5 consecutive 
previous cycles. 

35 

v 

11. A method according to any one of the ^previous 
claims, wherein the earliest ovulation day is derived from 
data obtained during at least the immediately preceding 
cycle. 
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12. A method according to claim 11, wherein the 
earliest ovulation day is derived from data obtained from 
a rolling reference base consisting of a fixed number of 
consecutive cycles immediately preceding the current cycle. 

5 

13. A method according to claim 12, wherein the 
rolling reference base consists of the immediately 
preceding 4 to 10 cycles. 

XO 14 . A method according to claim 12, wherein the 

rolling reference base consists of the immediately 
preceding 5 or 6 cycles. 

15- A method according to any one of the preceding 
15 claims, wherein actual ovulation day is determined by 

detecting the peak concentration of urinary LH . 



20 



16 A method according to any one of claims 1 to 14, 
wherein actual ovulation is determined by detecting the 
urinary LH surge. 



17. A method according to any one of the preceding 
claims, wherein the subject is human. 

25 18. A test kit for conducting a method according to 

any one of the preceding claims, comprising one or more 
testing devices for determining the concentration (in 
relative or absolute terms) of said at least one analyte in 
said body fluid, together with means enabling a user to 

30 derive a precise testing commencement day from knowledge of 

the numerical day on which actual ovulation occurred during 
at least one previous ovulation cycle. 



35 



19. An electronic means programmed for use in a 
method according to any one of claims 1 to 17. 
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20. A plurality of disposable body fluid testing 
devices, packaged together with instructions for use in a 
method according to any one of claims 1 to 17. 

5 21. A plurality of disposable urine testing devices, 

from each of which the urinary concentrations of E3G and 1*H 
can be determined, packaged together with instructions for 
use in a method according to any one of claims 1 to 17. 
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specificity of single type possessed by mono- 
clonal antibodies, and describes their production. 
As to applications, the review mentions their uses 
f r recognising surface-antigens on, for example, 
egg cells and viruses, and in therapy of cancer 
and management of patients carrying organ 
transplants. 

Cited specification GB — 2 013 211 discloses the 
use of Flsb'Ja fragments of immunoglobulins 
adsorbed to latex particles in immunoassays in 
place of native immunoglobulins themselves. 

According to this invention we provide a pro- 
cess for carrying out an immunoassay which 
comprises bringing together for reaction in a 
single incubation mixture: 

(a) a sample under assay, possibly containing a 
substance being tested for, 

(b) an unlabelled specific binding partner for 
the substance, immobilised on a solid support, 
and 

(c) a labelled specific binding partner for the 
substance. 

characterised in that competitive interference 
between the binding reactions of the substance 
being tested for and reagents (b) and (c) is 
avoided by the use in components (b) and (c) of 
two monoclonal antibodies of narrow and differ- 
ent, non-interfering specificity with respect to the 
same antigen under test. 

In a useful embodiment of the process, com- 
ponent (b) can comprise a stick, peg or stud for 
dipping into a liquid assay reagent, and can have 
an immunosorbent surface. 

The narrow specificity required of the mono- 
clonal antibody is a capacity to bind specifically 
with the substance under test but without pre- 
venting the binding reaction between the sub- 
stance under test and its other specific binding 
partner. Such a monoclonal antibody can be 
selected out of a number of monoclonal anti- 
bodies with an affinity for the substance under 
test, by using normal methods to verify the 
progress of a binding reaction between the other 
specific binding partner and a complex previously 
. formed between the substance to be tested in the 
assay and the monoclonal antibody to be 
selected. 

Monoclonal antibody . of sufficiently narrow 
specificity can, for example, be produced in 
known manner as antibody derived from a line of 
antibody-producing cells, derived from a single 
antibody-producing progenitor ceil or cells. Such 
a line can, for example, be produced by known 
cell fusion, culture and isolation techniques using 
very pure antigens as comparative material. 

In a "sandwich" test configuration, antigen 
under test can be specifically adsorbed to a first 
antibody bound to a solid surface, and a second 
antibody carrying an enzyrnic or other (e.g. 
fluorescent or radioactive) marker is specifically 
bound to be absorbed antigen under test. Marker 
specifically so bound is used for measurement 
and determination f the antigen under test, e.g., 
by direct meesur ment, such as radiometry or 
flu rimetry, or exp sur of enzym marker t 



substrate followed by product measurement. 
Thus, in preferred sandwich tests, the two anti- 
bodies used can have different, non-interfering 
specificity with respect to the same antigen under 
5 test. 

If antibodies from ordinary antisera raised 
against unmodified antigen (polyclonal anti- 
bodies) are used in sandwich tests, there is a very 
likely risk that if all ingredients are mixed in a 

io single step there will be interference between the 
two specific adsorption reactions. When such 
tests are carried out according to the present 
invention, using apparatus as described herein, 
such interference can be avoided by using anti- 

75 bodies of narrow specificity as described. Our 
divisional European Patent Application No. 
8311 1532.4 concerns alternative means for avoid- 
ing such interference, by ensuring that the bind- 
ing of test material to the solid surface takes place 

20 before exposure of test material to the other 
(marker-conjugated) binding agent if there is a 
risk that binding by that other agent would pre- 
vent subsequent adsorption to the solid surface: 
according to the divisional application, such a 

25 sequence can be ensured. by arranging for slow 
release of the other (marker-conjugated) binding 
agent. 

Particular instances of suitable assay 
specificities and antibody specificities are 
30 described for example below. 

It has also been found that in carrying out such 
specific binding assays, a worthwhile improve- 
ment in reaction kinetics can be obtained if the 
reaction liquid containing ingredients (a), (b) and 
35 (c) is contained in a well or cup of which the 
majority of the volume is occupied by a displacer 
body. (The use of various rod or ball shaped 
forms is known in connection with other kinds of 
immunoassay, as described in G.B. Specification 
4Q Nos. 1,414,479 and 1,485,729); 

The displacer body can, for example, be of a 
shape substantially complementary to and 
slightly smaller than that of the cup or well, so 
that the liquid phase containing one of the 
45 specific binding reagents is approximately in the 
form of a shell occupying the space between the 
displacer and the cup or well. The displacer can 
be loose-fitting and not fixedly mounted, i.e. 
movable relatively to the cup or well, so that by 
so relative motion between displacer and well the 
liquid between them can be given a stirring or 
agitation motion. 

For example, a round well can have a round 
displacer therein with an external diameter 
55 slightly smaller than the diameter of the well. The 
presence of the displacer can reduce the space 
available for liquid in the well by a factor of for 
example 2—10, e.g. 3—8, comparing volumes 
based on similar liquid levels in the well, e.g. 
60 when filled to its normal operating level, or its 
maximum capacity. For example, a microtitre well 
designed to have 300 microlitre of liquid filled into 
it during a normal assay, can be used with a 
displacer leaving 30 — 150 microlitre liquid spac , 
65 .g. 50 — 100 microlitre. 
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